To study hollows of living trees as the natural habitat of Cryptococcus neoformans in an endemic area of cryptococcosis in the northeastern Brazilian region, samples of decaying wood were collected inside the hollows, plated on niger seed agar and inoculated into mice and hamsters. Identification of C. neoformans was based on morphological and physiological tests. Canavanine-glycine-bromothymol medium was used to screen the varieties and Crypto Check Iatron Kit to serotype the isolates. For a period of 29 months C. neoformans var. gattii serotype B was isolated repeatedly from the hollow of a pottery tree (Moquilea tomentosa), pointing to the natural occurrence of C. neoformans var. gatti in decaying wood forming hollows in living trees. Evidence for a natural habitat of the variety gattii other than that related to Eucalyptus camaldulensis are discussed.
Introduction
neoformans, were found to be implicated in the process of biodegradation of wood in Chilean forests [4] and In 1972, Staib et al. [1] observed that dead and decaying it was suggested that hollows of living trees could be leaves and stems are suitable for the growth of Cryptocolonized by human pathogenic fungi [5] . coccus neoformans in vitro. The authors suggested that
In 1990 the association of C. neoformans var. gattii natural sources other than that related to bird dropwith Eucalyptus camaldulensis during its flowering pings, such as plant material, should be investigated.
period was demonstrated in Australia [6, 7] and, later, In 1986, C. neoformans var. neoformans was isolated in California (USA) [8] and Mexico [9] . In 1993, C. from wood collected from a hollow tree trunk inside neoformans var. gattii was isolated in Uruguay from an aviary in a zoo and from the sawdust of the tropical the remains of a nest of the wasp Polybia occidentalis, tree Entandophragma sp. in Kinshasa, Zaire [2] . In 1988, mixed with dead leaves and soil [10] . Swinne et al. [3] proposed the hypothesis that wood
In Brazil in 1993, the variety gattii was isolated from could be the natural habitat of Cryptococcus neoformans bat guano collected in an attic of an old house and the var. neoformans as well as of the variety gattii. In 1989 variety neoformans was isolated from wood and plant several species of Cryptococcus, among them was C.
debris inside a hollow of Syzygium jambolana in the city of Rio de Janeiro [11] . presented a disseminated infection with subcutaneous The results of an attempt to isolate C. neoformans abscess formation (Fig. 1b) ; microscopic examination from hollow trees in the city of Teresina, capital of the of the pus from the abscess revealed numerous enstate of Piaui (PI) in the northeastern Brazilian region, capsulated, globose to oval yeast forms which produced are presented. dark brown colonies on NSA. One strain obtained from the hamster abscess and 20 dark brown colonies obtained from the direct plating
Materials and methods
method were selected for identification. They were composed of globose and oval encapsulated yeasts, Samples were collected from hollows having dethermotolerant to 25°C and 37°C, urease producer, composing wood from four different living trees (Ficus turned blue on the CGB medium and agglutinated with sp., Cassia grandis, Mangifera indica and Moquilea the factor sera 1 and 7 of the 'Check Iatron Kit'. tomentosa) in the city of Teresina in September 1993.
Fermentation tests were negative; assimilation tests Collection was performed by scraping the fibrous diswith glucose, galactose, sorbose, -glucosamine, ribose, coloured wood in advanced stages of decay in the inner xylose, arabinose, ramnose, saccharose, maltose, treside of the hollows.
halose, methyl--glucoside, cellobiose, salicina, arAfter homogenization, 1 g was suspended in 50 ml butina, adonitol, dulcitol, sorbitol, inositol, glucuronic of sterile physiological saline with 0·2 g l −1 chloracid, citric acid and lisina were positive and lactose, amphenicol and shaken vigorously for 5 min. The somelibiose, latic acid and potassium nitrate were neglution was allowed to settle for 30 min and 0·1 ml of ative. Starch production and sensitivity to cyclothe supernatant inoculated into Petri dishes containing heximide 100 and 1000 ppm were present. The results niger seed agar medium (NSA). Ten plates were used confirmed the identification of C. neoformans var. gattii for each sample. One ml of the solution was inoculated serotype B. intraperitoneally into mice (four mice in each sample) C. neoformans var. gatti serotype B was again isolated and subcutaneously into hamsters (three hamsters in from the same hollow of M. tomentosa in February each sample).
1995, August 1995 and March 1997. All samples were Cultures were incubated at room temperature for 5 collected from wood in an advanced stage of decay. days. Animals were killed and submitted to necropsy
The isolation of the fungus was not related to the after 3 months; liver, spleen and brain samples were flowering period of the tree. No Eucalyptus trees were inoculated onto Sabouraud glucose agar with chlorobserved at the positive site and surroundings. amphenicol 0·5 g l −1 , incubated at room temperature and observed for 10 weeks. Specimens from the animals' gross lesions were also examined microscopically in a Discussion drop of 10% potassium hydroxide with a drop of India ink.
The long-lasting period during which C. neoformans Brown colonies on NSA medium were identified on var. gattii was repeatedly isolated from a pottery tree the basis of the thermotolerance at 37°C, cycloheximide hollow suggests colonization of this microenvironment. sensitivity, urease production, fermentation and as-
The hollow did not contain slime flux, which can similation tests performed by the Wickerham technique support the growth of different yeasts. Its inner surface [14] . The variety of C. neoformans was ascertained is composed of dead wood in a continuous changing by culture on canavanine-glycine-bromothymol blue process of decay leading to an enlargement of the cavity. medium (CGB) [15] and the serotype was determined
The type and availability of carbon sources is a major by using the 'Crypto Check Latron' RM 304-K (Iatron determinant of which fungi is able to colonize wood. Laboratories, Tokyo, Japan).
Cellulose, hemicellulose and lignin are the predominant carbon polymers, relatively refractory wood cell components. In addition, wood also contains less complex
Results
carbon compounds such as sugar and amino acids, which are released during degradation of cell wall Dark brown colonies on NSA were obtained only polymers, providing growth of a variety of microfungi from the material collected from the Moquilea tometosa (pottery tree) hollow (Fig. 1a) . About 1500 cfu of C. [16] . The positive fibrous, discoloured wood in an advanced stage of decay suggests partial lignin and species of birds and bats were present in the surroundings. A complex ecosystem of parasites and sapxylan degradation. Xylose, cellobiose and other byproducts may support the saprophytic growth of C.
rophytic fungi, protozoa, bacteria, snails and insects was studied in the trunk cavities of old trees of Tilia neoformans in such conditions. It must also be considered that C. neoformans is the only member of the and other species from temperate zones [22] . Rottencore portions of tropical trees as niches have not been genus with regular production of melanin, a major virulence factor for animal and human cryptococcosis.
fully investigated. The process and rate of decay of heart-wood in living trees is intrinsically related to the The diphenol oxidase of this yeast, involved in melanin synthesis, has been identified recently as a laccase [17] local biota and microclimate, presumably integrating a complex food chain. Insects, protozoa and other that belongs to a group of enzymes called large blue copper proteins or blue copper oxidases. The laccases agents, such as bats, should be considered for further studies on C. neoformans ecology. of basidiomycetes have been shown to be part of the enzymatic activity capable of mineralizing lignin, a It has been postulated that the exposure to E. camaldulensis, a host tree for C. neoformans var. gattii, is function apparently unique to this group of organisms [18] . The ligninolytic system is largely oxidative and required to initiate infection in humans and animals [6, 7] . However, this fungus-Eucalyptus association has non-specific [19] . The phenol oxidase function seems to play a role in regulating the production of both not been seen in Central Africa, where 657 Eucalyptus species investigated for this yeast were negative [23] . lignin and polysaccharide degrading enzymes in whiterot fungi [20] . However, further studies are necessary to Attempts to isolate the fungus from Eucalyptus trees in Papua New Guinea have also failed [24] . The northevaluate the role of C. neoformans and its teleomorphic form during wood decay.
eastern region of Brazil is recognized as an endemic area of cryptococcosis due to C. neoformans var. gattii Wood also contains a wide range of materials as waxes, fats, organic acids, alkaloids, oils, resins and [25] . This variety was isolated from 31 (91·2%) of 34 cases of cryptococcosis not associated with AIDS in phenolics, which are characteristically found in large quantities in heart-wood and in other tissues, parTeresina City, PI [26] . This report points to a natural habitat and potential ticularly after wounding. Acting as nutrient sources, stimulants, fungitoxic or fungistatic elements, these environmental source of C. neoformans var. gattii other than that related to E. camaldulensis. The route of compounds can produce deep changes in the local community, including selectivity of certain fungi for spread of the variety gattii in the environment is still unknown. The ecology of both varieties of C. neocertain trees [21] .
Newly produced roots and humus-like material were formans and the relative importance of natural biotopes may be conditioned to regional differences of vegetaobserved in the hollow of the pottery tree, with no evidence of nests or pigeon dung, although different tion, climate, biota and environmental disturbances. 
